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Description 

[0001] The invention relates to a cholesteric polarizer comprising an optically active layer of a material having a 
cholesteric order, the material being oriented in such a manner that the axis of the molecular helix extends transversely 
5 to the layer the pitch of the molecular helix in the layer being varied in such a manner that the difference between the 
maximum pitch and the minimum pitch is at least 1 00 nm. The invention also relates to methods of manufacturing such 
polarizers. The invention further relates to a lighting device comprising a socket for an electric light source, a reflector 
and such a cholesteric polarizer which is preferably provided with a quarter-wave plate. 

[0002] Polarizers are used to convert unpolarized light into polarized light. Until now so-called "sheet polarizers" 
10 have been used for this purpose. When said sheet polarizers are exposed to unpolarized light they transmit one of the 
two orthogonically linearly polarized components of the light, while the other component is absorbed in the polarizer. 
Such polarizers have the drawback that under optimum conditions maximally only 50% of the quantity of incident light 
is converted into polarized light. Thus, this type of polarizers has a relatively low efficiency. Another drawback relates 
to the absorption of the untransmitted component. This may give rise to considerable heating of the polarizer, which 
causes undesired changes in the polarization characteristic of the polarizer and, at high intensities of the incident light, 
can even lead to destruction of the polarizer. 

[0003] By means of cholesteric polarizers it is possible to very efficiently convert unpolarized light into polarized light. 
Such polarizers comprise an optically active layer of a cholesteric (i.e. chiral nematic) material. In this type of liquid 
crystalline material the chiral molecules have a structure such that they spontaneously assume a spiral-like or helical 

20 structure. After such a mixture has been provided as a thin, optically active layer between two parallel substrates, said 
helical structure is oriented in such a manner that the axis of the helix extends transversely to the layer. A better 
orientation of the helix is obtained if the substrates are provided with so-called orientation layers on the surfaces facing 
each other. If this type of polarizer is irradiated with a beam of unpolarized light, the part of the light which is "compatible" 
with the (right-handed or left-handed) direction and pitch of the helix is reflected, while the remainder of the light is 

25 transmitted. By means of a mirror, the "compatible" polarization of the reflected light can be reversed, after which said 
light, which is now "incompatibly" polarized, can again be directed on to the polarizer. In this manner and using this 
type of polarizer, theoretically, 100% of the incident unpolarized light having a "compatible" wavelength can be con- 
verted into circularly polarized light. 

[0004] Such a cholesteric polarizer is known from an article by Maurer et al., entitled "Polarizing Color Filters Made 
30 From Cholesteric LC Silicones", from SID 90 Digests, 1 990, pp. 110-113. In this article a description is given of chol- 
esteric polarizers whose optically active layer consists of a polymer material having a cholesteric order on the basis 
of silicones. This layer is manufactured by orienting. a mixture of a chiral silicone monomer and a nematogenic silicone 
monomer between two substrates of glass, after which they are polymerized to the optically active layer by means of 
UV light. The ratio between the two types of monomer in the polymer material governs the pitch of the molecular helix 
35 and the reflection wavelength (= colour of the reflection) associated therewith. The ratio between the pitch p and the 
wavelength X is given by the formula X = ^.(n'+n^p, where n' and n" are the extraordinary and the ordinary refractive 
index, respectively, of the polymer material. 

[0005] An important drawback of the known cholesteric polarizer is that the bandwidth AX of the polarized light is 
much smaller than the bandwidth of the visible spectrum. This bandwidth is determined by the formula AX = X.An/fi, 

40 where An = n'-n" represents the birefringence of the layer and n = (n'+n M )/2 represents the average refractive index. 
The bandwidth in the visible portion of the light spectrum is governed predominantly by the birefringence of the chol- 
esteric material. The possibilities of increasing said birefringence are relatively limited. In practice it has been found 
that An is smaller than 0.3, so that the associated bandwidth is smaller than 100 nm. In general, the bandwidths have 
values ranging between 30 and 50 nm. This small bandwidth is problematic for many applications. In practice, polarizers 

45 having a bandwidth of at least 100 nm, and preferably 150 nm and more are desired. In particular bandwidths which 
cover an important portion of the visible spectrum are very interesting for industrial applications. 
[0006] In the above-mentioned article this known problem is overcome by the use of polarizers which are built up of 
a number of optically active layers having different reflection wavelengths. In this manner, a polarizer having a band- 
width of 300 nm can be obtained which covers substantially the entire visible portion of the spectrum. However, this 

50 solution has a number of important drawbacks. First, the optical quality of cholesteric polarizers consisting of more 
than one optically active layer deteriorates rapidly due to errors which are typical of cholesterics. Said errors are, in 
particular, so-called "focal-conical" disclinations, "Grandjean"-disclinations and a loss of planar molecular order. Sec- 
ond, the thickness of such a composite polarizer causes problems. As the thickness of the individual layers must 
minimally be 6 microns, such composite polarizers have a minimum thickness of approximately 20 microns. At such 

55 thicknesses of the optical layer, the polarizer becomes excessively dependent on the viewing angle. 

[0007] In a publication by Mazkedian et al. in Journal de Physique, vol. 37, 1976, pp 731-736, a broadband polarizer 
based on a cholesterically ordered layer is disclosed. The layer consists of cholesteryl nonanoate. By subjecting the 
cholesteric layer to a temperature gradient, a gradient in the, pitch of the helix is introduced. As a result, the band width 
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in broadband polarisers. 

[0018] The invention also relates to methods of manufacturing the polariser in accordance with the invention. A first 
method is characterized in that a mixture of chiral and nematogenic monomers, each having a different reactivity, is 
provided in the form of a layer between two parallel substrates, after which actinic radiation is applied in accordance 
s with a radiation profile whose intensity varies over the layer, so that the mixture is polymerised to an optically active 
layer of polymer material having a cholesteric order, whereafter, if desired, the substrates are removed from the optically 
active layer. 

[0019] A second method of manufacturing the inventive polariser is characterized according to the invention in that 
a mixture of chiral and nematogenic monomers, each having a different reactivity, is provided on a substrate in the 
10 form of a layer, after which actinic radiation is applied in accordance with a radiation profile whose intensity varies over 
the layer, so that the mixture is polymerised to an optically active layer of polymer material having a cholesteric order, 
whereafter, if desired, the substrate is removed from the optically active layer. 

[0020] In general, it holds that the pitch of the molecular helix is governed to an important degree by the ratio between 
the chiral and the mesogenic monomer in the polymer material. Owing to the difference in reactivity between both 

15 monomers, the capture probability of the most reactive monomer is greater than that of the least reactive monomer. If 
during the polymerization of the mixture, which is initiated by actinic radiation, a variation in the radiation intensity is 
realised across the optically active layer to be formed, the most reactive monomer is preferentially incorporated in the 
polymer at the location(s) of the highest radiation intensity. As a result, one or more concentration gradient(s) of free 
monomer is (are) formed during said polymerization process. This causes monomer diffusion from locations with a low 

^0 monomer concentration to locations with a high monomer concentration. The monomers of high reactivity will diffuse 
to the place(s) where the radiation intensity is highest. The monomers of low reactivity, however, will diffuse to the 
place(s) where the radiation intensity is lowest. This leads to an increase in reactive monomer in areas of the formed 
polymer material where, during the polymerization process, the radiation intensity was highest. As a result, the com- 
position of the polymer material varies in the direction transverse to the polymer layer. This causes a variation in the 

^5 pitch of the molecular helix in the layer, which molecular helix is formed by the polymer. This variation of the pitch 
provides the optically active layer with a large bandwidth, the value of which is proportional to the value of the variation 
in pitch. In the first method, the mixture can be provided between the substrates by means of a pipette and vacuum 
techniques. In the second method, the mixture can be provided on the substrate by means of a so-called "doctor's 
blade" or by means of screen printing. The second method clearly is more suitable for mass production. The time- 

30 consuming filling of narrow spaces between substrates is omitted in the second method. 

[0021] It is noted that in theory the variation of the pitch of the molecular helix can be realised on the basis of the 
temperature dependence of the pitch of cholesteric polymers. In this case a temperature gradient must be provided 
across the optically active layer of the mixture of monomers, after which photopolymerization has to take place. Due 
to the small thickness of the optically active layer, typically a few micrometers to several tens of micrometers, this 

35 approach leads in practice to great problems caused by the required slope of such a temperature gradient. 

[0022] It is further noted that in said inventive methods it is not absolutely necessary to use substrates which are 
provided with orientation layers on the surface facing the optically active layer. Particularly in the manufacture of (very) 
thin optically active layers spontaneous orientation of the nematogenic groups generally occurs. However, the presence 
of orientation layers during polymerization leads to an improved orientation of the optically active layer, so that the 

40 optical properties of the polarisers are substantially improved. 

[0023] For the reactive monomers use can be made of compounds comprising a reactive group on the basis of 
acrylates, epoxy compounds, vinyl ethers and thiolene systems, as described in, inter alia, US 5,188,760. Monomers 
having a different reactive group generally differ in reactivity. Said reactivity is also governed by the reaction conditions 
under which the polymerization operation is carried out, such as temperature, wavelength of the actinic radiation used, 

45 etc.. 

[0024] An interesting variant of the above-mentioned methods is characterized according to the invention in that the 
number of reactive groups of the chiral monomer differs from that of the nematogenic monomer. When such a mixture 
of monomers is photopolymerized a three-dimensional network is formed because at least one of the two types of 
monomers comprises two or more reactive groups. As noted above, such a polymer network gives great strength to 
so the optical layer, so that after the photopolymerization process the substrates used, including any orientation layers, 
can be removed from the optical layer, if desired, so that a self-supporting broadband polarization filter is obtained. 
Monomer mixtures in which one type of monomer comprises one reactive group and the other type of monomer com- 
prises two reactive groups are preferred. 

[0025] The use of such a mixture of monomers comprising only one and the same type of reactive group has an 
55 additional advantage. As a result of a smaller capture probability, monomers having one reactive group are less reactive 
than monomers having two reactive groups. By virtue thereof and despite the fact that one and the same type of reactive 
group is used, a concentration gradient can be realised in the photopolymerization process. The use of said two types 
of reactive monomers in a mixture offers the advantage of improved mixing of these monomers. Very good results are 
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amples of this type of light sources are high-pressure discharge lamps, such as high-pressure Na, Hg or metal halide 
lamps. Low-pressure discharge lamps, such as fluorescent lamps or low-pressure Na lamps, can also suitably be used. 
Alternatively, an incandescent body in an airtight lamp envelope can be used as the light source in the lighting device 
in accordance with the invention. The lamp envelope may be evacuated or it may contain a filler gas. Said filler gas 
may be inert or based on a halogen gas. Halogen lamps are a good example of the last-mentioned class of electric 
light sources. It is noted that the light source may be detachably provided in the device, for example by means of a 
screw thread or bayonet fixing. It is alternatively possible, however, that the light source and the socket for said light 
source are inextricably interconnected. 

[0036] The reflector serves to reflect the light generated by the light source during operation of the inventive device 
in the direction of the polarizer. The surface of the polarizer facing the light source consists of a material having a high 
reflection coefficient for the light of the light source to be used. For applications with visible light, inter alia, metals and 
alloys having a good reflectivity can suitably be used, such as preferably gold, silver and aluminium, the latter being 
much cheaper The reflector can be self-supporting but generally consists of a metal layer which is vapour-deposited 
on to a housing. 

[0037] The cholesteric polarizer of the inventive device preferably comprises a quarter-wave plate for converting 
circularly polarized light into linearly polarized light. Said quarter-wave plate may be connected to the cholesteric po- 
larizer as a separate optical element. Preferably, the polarizer and the quarter-wave plate are integrated so that they 
form an individual optical element. In the latter case, said quarter-wave plate may consist of a stretched synthetic resin 
film which was used as the substrate of the optically active layer in the manufacture of the polarizer. The invention will 
be explained in greater detail by means of exemplary embodiments and the drawing, in which 
[0038] Fig. 1 diagrammatically shows a number of embodiments of cholesteric polarizers in accordance with the 
invention. 

[0039] Fig. 2 shows the chemical structural formulas of two monomers which can be used in the manufacture of a 
cholesteric polarizer according to the invention. 

[0040] Fig. 3 shows the chemical structure of a dye which can be used in the manufacture of a polarizer according 
to the invention. 

[0041] Fig. 4 shows a reflection spectrum of a cholesteric polarizer, the pitch of the molecular helix being (a) constant 
and (b) varied. 

[0042] Fig. 5 shows a graph in which the variation of the pitch in the optically active layer of a polariser in accordance 
with Fig. 1 (a) is depicted. 

[0043] Fig. 6 shows a transmission spectrum of an inventive polariser in accordance with Fig. 1(b). 

[0044] Fig. 7 shows a transmission spectrum of the inventive polariser in accordance with Fig. 1 -c, (a) before diffusion 

and (b) after diffusion. 

[0045] Fig. 8 is a diagrammatic sectional view of a first lighting device in accordance with the invention. 

[0046] Fig. 9 is a diagrammatic sectional view of a second lighting device in accordance with the invention. 

[0047] It is noted that, for clarity, the individual components of the Figures are not drawn to scale. 

[0048] Fig. 1 a shows a first embodiment of a polarizer in accordance with the invention. Said polarizer comprises 

two flat, transparent glass substrates 1 and 2 which extend parallel to each other and are located at some distance 

from each other. The facing surfaces of the substrates are provided with an orientation layer 3 and 4, respectively, for 

example of rubbed polyimide or sputtered SiO x and the edges are provided with a spacer 5. 

[0049] An optically active layer 6 is present between both substrates. Said layer consists of a polymere material 
having a cholesteric order. The axis of the molecular helix of the cholesteric material extends transversely to the layer. 
The pitch of the molecular helix is varied in the layer, said pitch increasing continuously from one surface of the optically 
active layer to the other surface. In the present case this is diagrammatically shown by means of two spiral-shaped 
structures 7. The thickness of the optically active layer typically ranges from 3 to 40 micrometers, preferably from 5 to 
25 micrometers. 

[0050] The above-described embodiment of the cholesteric polarizer in accordance with the invention was manu- 
factured as follows. First, a mixture of reactive monomers was prepared. This mixture comprises 60 wt. % of the chiral 
component A and 40 wt. % of the nematogenic component B. Component A comprises two reactive acrylate groups 
per molecule and component B comprises one reactive acrylate group per molecule. The exact structural formulas of 
the components A and B are shown in Fig. 2. Owing to the different number of reactive groups per molecule, both 
monomers have a different reactivity. Subsequently, 0.5 wt. % of the photoinitiator lgacure-651 (Ciba Geigy) and 50 
ppm of p-methoxy phenol (stabilizer) and a quantity of a dye are added to this mixture. The chemical structure of this 
dye is shown in Fig. 3. This dye exhibits an absorption maximum around 334 nm and an extinction coefficient of 31 524 
1/mol.cm. 

[0051] The mixture thus manufactured was then provided between two transparent substrates. Said substrates car- 
ried a layer of rubbed polyimide. Said layers are used to orient the molecular helix which forms spontaneously in the 
cholesteric mixture. To preclude the formation of disclinations both substrates were sheared over a small distance until 
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a planar order was obtained. Subsequently, the reactive mixture was photopolymerized by means of UV lioht for R 
routes at room temperature. As one of the two reactive monomers comprises two reZZ j^s L^S^ I 

was measured. Table 1 shows the bandwidth which corresponds to a certain quantity of dye added 
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in dispersion between both films causes the optical retardation of the crossed films to be substantially equal to 0.25 
times the wavelength over the entire wavelength range of from 400-700 nm . 

[0058] A cholesteric polarizer in accordance with the second embodiment was manufactured as follows. The com- 
posite substrate described in the preceding paragraph was provided, by means of a doctor's blade, with a thin layer 

s (layer thickness 20 micrometers) of a mixture of reactive monomers. A number of comparative experiments showed 
that this layer could alternatively be provided by screen printing. The mixture contained both chiral and nematogenic 
monomers. Said two types of monomers had a different reactivity. The composition of the monomer mixture was as 
follows: 58.8 wt. % of component A, 39.2 wt. % of component B, 1 wt. % of the dye in accordance with Fig. 3, 1 wt. % 
of Igacure 651 (Ciba Geigy) and 100 ppm of p-methoxy phenol. After the layer had been provided, it was polymersied 

10 by means of an UV source (365 nm) to which the layer was exposed at 100 °C and a radiation intensity ranging from 
0.06 to 0.6 mW/cm 2 for approximately 60 minutes. After the polymerization operation, the thickness of the optically 
active layer was approximately 18 micrometers. 

[0059] Fig. 6 shows a spectrum in which the transmission T is plotted as a function of the wavelength of a cholesteric 
polarizer in accordance with the second embodiment. Line (a) denotes the transmission of p-polarized light, while line 
15 (b) denotes the transmission of s-polarized light. The bandwidth of the filter was approximately 220 micrometers. It 
was found that the conversion from circularly polarized light to linearly polarized light was optimal over the entire 
bandwidth. 

[0060] Fig. 1c shows a third embodiment of the polarizer in accordance with the invention. Said polarizer comprises 
a substrate 21 of a stretched synthetic resin film. In the present case, polycarbonate was used. The degree of stretching 
20 of the film was selected in such a manner that the birefringence at room temperature was 0.0029. The thickness of 
the substrate was 50 micrometers. With the substrate in question an optimum conversion of circularly polarized light 
into linearly polarized light was obtained at a wavelength of approximately 580 nm. This wavelength is situated in the 
centre of the reflection band of the broadband polarizer. 

[0061] An optically active layer 22 of liquid crystalline material of cholesteric order is present on the substrate. The 

25 thickness of layer 22 was 20 micrometers. Layer 22 carries a top layer 23 of polymer material. Said layer, which has 
a thickness of approximately 2 micrometers, serves as a protective layer of the optically active layer. 
[0062] Said third embodiment of the inventive broadband polarizer was manufactured as follows. An optically active 
layer of polymerised liquid crystalline material of cholesteric order was provided on the substrate. Techniques for ap- 
plying such a layer are described in, inter alia, US 5,132,147. In such a layer the molecular helix of the cholesteric 

30 material extends transversely to the layer. The pitch of said helix is substantially constant. 

[0063] A thin layer of a mixture of reactive monomers was provided on the optically active layer. In the present case, 
a mixture of three different monomers was used in a volume ratio of 1:1:1 . For the monomers use was made of bu- 
tanediol diacrylate, octanediol aery late and ethoxylated bisphenol-A diacrylate. A quantity of 4 wt. % of a photoinitiator 
was added to the mixture. The monomers diffuse in the optically active layer at different rates. This results in the 

35 formation of a concentration gradient of monomers in the optically active layer. This causes an increase of the pitch, 
said increase being proportional to the monomer concentration at the location of the optically active layer. After a 
diffusion time of 1 0 minutes at 60 °C, the reactive monomers were polymerised to form a network by means of exposure 
to UV light at a wavelength of 365 nm. Said exposure took place at 60 °C and a radiation intensity of 0.5 mW/cm 2 for 
5 minutes. This resulted in complete immobilisation of the monomers and stabilization of the concentration gradient. 

40 Since the monomer mixture was not completely diffused in the optically active layer in the polymerization operation, 
also a polymerised top layer (thickness 2 micrometers) was formed on the optically active layer. 
[0064] Fig. 7 shows a spectrum of the cholesteric polarizer in which the transmission T is plotted as a function of the 
wavelength. The incident light was circularly polarized. Spectrum (a) shows the transmission characteristic of the op- 
tically active layer before the diffusion of the monomers. Spectrum (b) shows the characteristic of the finished polarizer 

45 after the diffusion and polymerization of the monomers. Further measurements showed that the conversion of circularly 
polarized light into linearly polarized light was not optimal over the entire bandwidth of the inventive polarizer Particularly 
in both edges of the band the conversion was not satisfactory. A better conversion can be obtained by using a composite 
substrate comprising two stretched synthetic resin films, the directions of stretching of both films extending substantially 
transversely to each other. 

50 [0065] Figure 8 is a diagrammatic sectional view of a first embodiment of the lighting device in accordance with the 
present invention. Said lighting device comprises a box-shaped housing 1 , for example of synthetic resin, one inner 
surface of which is provided with a reflector of vapour-deposited aluminium. In the housing there are accommodated 
three fluorescent lamps 3 as the electric light sources. Said lamps are detachably provided in corresponding sockets 
(not shown) via a threaded joint. It is alternatively possible to use a meander-shaped fluorescent tubular lamp instead 

55 of separate fluorescent lamps. The device also comprises a polarizer 4 having a quarter-wave plate 5. The polarizer 
is constructed as a broadband polarizer, as described in the foregoing embodiments. 

[0066] When the device shown in Figure 8 is in operation, the three fluorescent lamps generate unpolarized light. A 
part of this light falls directly on polarizer 4 which allows passage of one of the orthogonally linearly polarized compo- 
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nents, whereas the other, "compatible", component is reflected. The reflected component is (partly) converted into the 
"incompatible" component on reflector 2 and reflected in the direction of the polarizer which allows passage of this 
"incompatible" component which is then converted into linearly polarized light by the quarter-wave plate. In this manner, 
the originally unpolarized light is converted into linearly polarized light with a high efficiency (approximately 80%). 

s [0067] Figure 9 is a diagrammatic sectional view of another embodiment of the inventive device. Said device com- 
prises a parabolic, self-supporting reflector 1 of aluminium. Said reflector comprises a socket 2 for an electric light 
source which, in this case, consists of a detachable halogen lamp 3. The device further comprises a reflective polarizer 
4 having a quarter-wave plate 5. The inventive device operates essentially in the same manner as the device of the 
foregoing embodiment. The embodiment shown in Figure 9 can particularly suitably be used for car lighting or studio 

io lighting. 



Claims 

'5 1. A cholesteric polarizer comprising an optically active layer (6;14;22) of a material having a cholesteric order, the 
material being oriented in such a manner that the axis of the molecular helix extends transversely to the layer, the 
pitch of the molecular helix (7) in the layer being varied in such a manner that the difference between the maximum 
pitch and the minimum pitch is at least 100 nm, characterized in that the material is a polymer material. 

20 2. A cholesteric polarizer as claimed in Claim 1 , characterized in that the pitch of the molecular helix (7) increases 
substantially continuously from a minimum value at one surface of the layer to a maximum value at the other 
surface of the layer. 

3. A cholesteric polarizer as claimed in Claim 1 or 2, characterized in that the polymer material forms a three-dimen- 
25 sional network. 

4. A cholesteric polarizer as claimed in Claim 1 , 2 or 3, characterized in that the optically active layer (1 4;22) is present 
on a substrate (11;21) of a stretched synthetic resin film, the degree of stretching and the thickness of the film 
being selected in such a manner that the optical retardation of the film is approximately 0.25 times the wavelength 

30 of the band reflected during operation of the polarizer. 

5. A cholesteric polarizer as claimed in Claim 1 , 2 or 3, characterized in that the optically active layer (14) is present 
on a substrate (1 1 ) of two stretched synthetic resin films (1 2;1 3) of different composition, the directions of stretching 
of both films (12;13) extending substantially transversely to each other and the degree of stretching of both films 
(12;13) being selected in such a manner that, due to the difference in dispersion between the films (12;13), the 
nett retardation of the substrate (11) is substantially equal to 0.25 times the wavelength over a substantial portion 
of the reflected band of the polarizer. 

A method of manufacturing a cholesteric polarizer as claimed in any one of the Claims 1-3, characterized in that 
a mixture of chiral and nematogenic monomers, each having a different reactivity, is provided in the form of a layer 
between two parallel substrates (1 ;2), after which actinic radiation is applied in accordance with a radiation profile 
whose intensity varies over the layer, so that the mixture is polymerized to an optically active layer (6) of polymer 
material having a cholesteric order, whereafter, if desired, the substrates (1 ;2) are removed from the optically active 
layer (6). 

45 

7. A method of manufacturing a cholesteric polarizer as claimed in any one of the Claims 1-5, characterized in that 
a mixture of chiral and nematogenic monomers each having a different reactivity, is provided on a substrate (11; 
21) in the form of a layer, after which actinic radiation is applied in accordance with a radiation profile whose 
intensity varies over the layer, so that the mixture is polymerised to an optically active layer (14;22) of polymer 

so material having a cholesteric order, whereafter, if desired, the substrate (11 ;21 ) is removed from the optically active 

layer. 

8. A method as claimed in Claim 6 or 7, characterized in that the number of reactive groups of the chiral monomer 
differs from that of the nematogenic monomer. 

55 

9. A method as claimed in Claim 6,7 or 8, characterized in that the mixture also comprises a dye having an absorption 
maximum whose wavelength corresponds substantially to the wavelength of the actinic radiation used. 
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10. A method of manufacturing a cholesteric polarizer as claimed in any one of the Claims 1-5, characterized in that 
a surface of an optically active layer of polymerised liquid crystalline material having a cholesteric order is provided 
with a film of reactive monomers which cause a concentration gradient in the layer as a result of diffusion, after 
which the monomers are polymerised. 

11. A method as claimed in Claim 10, characterized in that the film comprises a mixture of monomers having different 
diffusion rates in the layer. 

12. A method as claimed in Claim 10 or 11, characterized in that at least a part of the monomers comprises two or 
more polymerisable groups. 

13. A lighting device comprising a socket (2) for an electric light source (3), a reflector (1 ) and a cholesteric polarizer 
(4) which is preferably provided with a quarter-wave plate (5), characterized in that a polarizer as claimed in Claims 
1 -5 is used. 



Patentanspruche 

1. Cholesterischer Polarisator mit einer optisch aktiven Schicht (6; 14; 22) aus einem Material mit einer cholesteri- 
schen Ordnung, wobei das Material derart orientiert ist, daG die Achse der molekularen Spirale quer zu der Schicht 
gerichtet ist, wobei die Steigung der molekularen Spirale (7) in der Schicht derart variiert wird, daG die Differenz 
zwischen der maximalen Steigung und der minimalen Steigung wenigstens 100 nm betragt, dadurch gekennzeich- 
net, daG das Material ein Polymermaterial ist. 

2. Cholesterischer Polarisator nach Anspruch 1 , dadurch gekennzeichnet, daft die Steigung der molekularen Spirale 
(7) nahezu kontinuierlich zunimmt von einem minimalen Wert an der einen Oberflache der Schicht zu einem ma- 
ximalen Wert an der anderen Oberflache der Schicht. 

3. Cholesterischer Polarisator nach Anspruch 1 oder 2, dadurch gekennzeichnet, daG das Polymermaterial ein drei- 
dimensionales Netzwerk bildet. 

4. Cholesterischer Polarisator nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, daG die optisch aktive Schicht 
(14; 22) sich auf einem Substrat (11; 21) eines verstarkten Kunststofffilms befindet, wobei der Verstarkungsgrad 
und die Starke des Films derart gewahtt worden sind, daG die optische Verzogerung des Films einer 0,25fachen 
Wellenlange des Bandes entspricht, das bei Verwendung des Polarisators reflektiert wird. 

5. Cholesterischer Polarisator nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, daG die optisch aktive Schicht 
(14) sich auf einem Substrat (11) zweier verstarkter Kunststofffilme (12; 13) verschiedener Zusammensetzung 
befindet, wobei die Verstarkungsrichtungen der beiden Filme (12; 13) nahezu senkrecht aufeinander stehen und 
wobei der Verstarkungsgrad der beiden Filme (12; 13) derart gewahlt worden ist, daG wegen der Differenz in der 
Dispersion zwischen den Filmen (12; 13) die Reinverzogerung des Substrats (11) uber einen breiten Teil des 
reflektierten Bandes des Polarisators der 0,25fachen Wellenlange nahezu entspricht. 

6. Verfahren zur Herstellung eines cholesterischen Polarisators nach einem der Anspruche 1 bis 3, dadurch gekenn- 
zeichnet, daG ein Gemisch aus chiralen und nematogenen Monomeren, die untereinander eine unterschiedliche 
Reaktivitat aufweisen, in Form einer Schicht zwischen zwei parallelen Substraten (1; 2) angebracht wird, wonach 
mit Hilfe aktinischer Strahlung ein Strahiungsprofil mit variierter intensitat uber die Schicht angebracht wird, so 
daG das Gemisch zu einer optisch aktiven Schicht (6) aus Polymermaterial mit einer cholesterischen Ordnung 
polymerisiert wird, wonach gewunschtenfalls die Substrate (1 ; 2) von der optisch aktiven Schicht (6) entfernt wer- 
den. 

7. Verfahren zur Herstellung eines cholesterischen Polarisators nach einem der Anspruche 1 bis 5, dadurch gekenn- 
zeichnet, daG ein Gemisch aus chiralen und nematogenen Monomeren, die eine untereinander verschiedene Re- 
aktivitat aufweisen, in Form einer Schicht auf einem Substrat (1 1 ; 21 ) angebracht wird, wonach mit Hilfe aktinischer 
Strahlung ein Strahiungsprofil mit variierter Intensitat uber die Schicht angebracht wird, so daG das Gemisch zu 
einer optisch aktiven Schicht (14; 22) aus Potyme [material mit einer cholesterischen Ordnung polymerisiert wird, 
wonach gewunschtenfalls das Substrat (11; 21) von der optisch aktiven Schicht entfernt wird. 
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spricht. wellenlange der der verwendeten aktinischen Strahlung nahezu ent- 

cholesterischer Ordnung mit einem £ reaSn^nlT po * I T" rtem "^"■"""■m Material mit 

ssrs^ daB der Fiim * «■«■ « mH verscr , ie . 

polarisator nach den Anspruchen 1 bis 5 verwendtt wird Qekennzeichnet, da3 ein 



Revendlcations 



6. 



r. 



1. Polanseur cholester.que comportant une couche optiquement active re- u- sat ™ « * ,. 

tant un ordre cholesterique, le materiau etant orient* * ■ ' } const,,u6e d un maWriau presen- 
transversalement a la couche le pa de vSLT^l ? telle man, ere que I'axe de I'helice moleculaire s'etend 
~eentre.epasm^ 

est un materiau polymere. 9 1 00 nm ' cara ctens6 en ce que le materiau 

maximale a I'autre surface de la couche * Une SUrface de 13 couche i us <^ "ne valeur 

" r 6 TuZX^ S6l0n ' a 1 °" * - ce que ,e mat.riau po^mere construe un 

fepaisseur du film etant cho sis de tS^^^^S? ^'t ^ to degr<§ ^"gement e 
-ongueur d'onde de ia bande refLchie p^nHe Zc^T^ZLZ *" " * ^ * ^ ** * 

^ejesdirec^ 

versale a I'autre et le degre tfaLgement des deuTfi is ,12 SfiT? ^ ^"'^ sensib,e ™< trans- 
difference de dispersion entre les films (1 2 13) la reto data n«2 h ?T" * ,e " e mani6re que ' du ,ait de 
fois,a,ongueur tf ondesurunepa rt iesinsib^ 

^ --que des revendlcations 1 * 3, earache 
est dispose en forme d'une couche S£ £xtbt^ r « 
est applique selon un profil de rayonnement dont r ntlnc^ ( ' }' S qU °' Un ra y° nne ™nt actinique 
poiymerisejusqu-a une couche q^Z^^S^H "? C0UChe ■ * ^ ' 6 m *«0— I 
lesterique, apres quoi. si on le •cSA^S^f?^ 2 P0,Vmere Pr6Semam U " 0rdre cho " 

ne, substrats (1 , 2) sont enleves de la couche optiquement active (6) 

Proc.de pourfabriquer^^^^ 
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en ce qu'un melange constitu6 de monomeres chiral et nematogene, chacun presentant une r6activit6 dlfferente, 
est dispose sur un substrat (11; 21) en forme d'une couche, apres quoi un. rayon n em ent actinique est applique 
selon un profil de rayonnement dont I'intensite varie sur ia couche, de sorte que le melange est polymerise jusqu'a 
une couche optiquement active (14; 22) constitute de mat6riau polymere presentant un ordre cholesterique, apres 
5 quoi, si on le souhaite, le substrat (11 ; 21) est enleve de la couche optiquement active. 

8. Precede selon la revendication 6 ou 7, caracterise en ce que le nombre de groupes reactifs du monomere chiral 
differe de celui du monomere nematogene. 

10 9. Precede selon la revendication 6, 7 ou 8, caracterise en ce que le melange comporte egalement une teinture 
presentant un maximum d'absorption dont la longueur d'onde correspond sensiblement a la longueur d'onde du 
rayonnement actinique utilise. 

10. Procede pour fabriquer un polariseur cholesterique selon Tune quelconque des revendication s 1 a 5, caracterise 
^5 en ce qu'une surface d'une couche optiquement active constitute de materiau a cristaux liquides polymerise pre- 
sentant un ordre cholesterique est munie d'un film de monomeres reactifs qui provoquent un gradient de concen- 
tration dans la couche en consequence de diffusion, apres quoi les monomeres sont polymerises. 

11. Procede selon la revendication 10, caracterise en ce que le film comporte un melange constitue de monomeres 
20 presentant des vttesses de diffusion differentes dans la couche. 

1 2. Precede selon la revendication 1 0 ou 11 , caracterise en ce qu'au moins une partie des monomeres comporte deux 
ou plusieurs groupes polymerisables. 

25 13. Dispositif d'eclairage comportant une prise de courant (2) pour une source lumineuse eiectrique (3), un reflecteur 
(1) et un polariseur cholesterique (4) qui est muni avantageusement d'une lame quart d'onde (5), caracterise en 
ce que Ton utilise un polariseur selon les revendications 1 a 5. 
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